Objective: To investigate whether the protection observed for some micronutrients, such as beta-carotene, in several observational studies may simply reflect vegetable and fruit intake. Design: A case -control study conducted in Italy. Subjects: The subjects were 1225 colon cancer patients, 728 rectal cancer patients and 4154 hospital controls. Results: For the 16 micronutrients considered, the more closely a micronutrient was correlated with total vegetable and fruit intake, the more it appeared protective against colorectal cancer. Conclusion: When studying the effect of a nutrient on disease risk in an observational setting, its relation to other nutrients and foods must be taken into account.
Introduction
Vegetable and fruit intake appears to protect against several cancers (Steinmetz & Potter, 1991; La Vecchia & Tavani, 1998) . To identify the compounds responsible for this protection, epidemiologists have estimated the intake of nutrients using food frequency questionnaires and food composition tables, and analysed the effect of various nutrients on cancer risk (Willett, 1998) .
Several micronutrients also show protective effects against various cancer sites. The epidemiological evidence for betacarotene appeared particularly promising, and was supported by experimental evidence and possible biological mechanisms, including its antioxidant activity (Peto et al, 1981; Ziegler, 1989; Krinsky, 1991; van Poppel & Goldbohm, 1995) . This led to intervention trials using beta-carotene supplementation in healthy individuals, which, however, have yielded disappointing results (The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group, 1994; Hennekens et al, 1996; Omenn et al, 1996; Lee et al, 1999) . Several other compounds appear promising for cancer prevention in observational studies. However, given the high costs of intervention trials, it is difficult to test them all in this framework. Therefore, it is important for future research to clarify why the results of observational and intervention studies with beta-carotene are conflicting. Dietary and blood betacarotene levels are indicators of vegetable intake, so the protective effect may simply reflect that of a healthy diet, rich in fruit and vegetables (Marshall, 1999) .
To investigate this issue, we analysed how the effects of selected micronutrients are related to vegetable and fruit intake, using data from a large case -control study on colorectal cancer (Franceschi et al, , 1998 La Vecchia et al, 1997) .
Methods
Description of the study The data were derived from a case -control study of colorectal cancer conducted between January 1992 and and June 1996 in six Italian areas on 1225 colon cancer patients, 728 rectal cancer patients and 4154 hospital controls admitted for acute, non-neoplastic conditions unrelated to digestive tract diseases and not associated with long-term changes in the diet (Franceschi et al, , 1998 La Vecchia et al, 1997) . The questionnaire included information on socio-demographic characteristics, smoking, physical activity, anthropometric measures at various ages, a problem-oriented personal medical history, and family history of cancer.
The food frequency questionnaire (FFQ) An interviewer-administered FFQ was developed to assess the usual diet during the 2 y before diagnosis, or hospital admission for the controls and, therefore, the intake of total energy and of macro-and micronutrients. The questionnaire included 78 foods, groups of foods or dishes divided into six sections: (i) bread, cereals and first courses; (ii) second courses (meat and other main dishes); (iii) side dishes (ie vegetables); (iv) fruits; (v) sweets, desserts and soft drinks; (vi) milk, hot beverages and sweeteners. An additional section investigated alcoholic beverage consumption. For a few vegetables and fruits, consumption in season and the corresponding duration were elicited.
At the end of each section there were a few summary questions. For fruit and vegetables, three summary questions elicited the total number of portions of raw vegetables, cooked vegetables and fruit consumed per week. We did not consider dietary supplements, given their low level of consumption by this population.
To compute energy and nutrient intake, we used Italian food composition databases for about 80% of food items, and integrated them with other sources whenever needed . Reproducibility and validity of the food frequency questionnaire were satisfactory (Franceschi et al, 1995; Decarli et al, 1996) .
Statistical analysis
We estimated the odds ratios of colorectal cancer (OR CR ) for selected micronutrients, including several vitamins and minerals, using multiple logistic regression models (Breslow & Day, 1980) , adjusted for the main colorectal cancer risk factors, and energy intake (La .
To estimate total vegetable consumption we added up the two summary questions on raw and cooked vegetables. Since several distributions were not normal, we computed the Spearman (rank) correlation coefficient (Snedecor & Cochran, 1989 ) of each micronutrient with total vegetable (R V ) and fruit (R F ) consumption.
We then computed the Spearman correlation coefficient between OR CR and R V and R F . We also computed R V and R F adjusting for energy (partial correlation coefficients).
The results of the validation study were available for a subset of the micronutrients considered. For these, we calculated also OR CR , R V and R F corrected for measurement error (Rosner et al, 1989) .
Results
The OR for an increase intake of one serving=day was 0.77 (95% confidence interval, (CI) 0.72 -0.83) for vegetables and 0.92 (95% CI 0.88 -0.97) for fruit. Table 1 gives the odds ratios of colorectal cancer associated with selected micronutrient intake. The strongest (inverse) associations were with carotene (OR ¼ 0.65), potassium (OR ¼ 0.66), iron (OR ¼ 0.83), riboflavine and vitamin C (OR ¼ 0.86). The OR was slightly above 1 for retinol (OR ¼ 1.05), lycopene (OR ¼ 1.04) and zinc (OR ¼ 1.02). The following columns give the Spearman correlation coefficients between the micronutrient intake and, respectively, vegetable and fruit intake. The micronutrient more strongly correlated with total vegetable intake was carotene (R V ¼ 0.51), followed by folic acid (R V ¼ 0.45), vitamin E (R V ¼ 0.41) and vitamin C (R V ¼ 0.38). For fruit intake, the strongest correlations were observed with vitamin C (R F ¼ 0.64), potassium (R F ¼ 0.53), vitamin B 6 and folic acid (R F ¼ 0.50). Figure 1a and b shows the scatterplot of R V and R F , respectively, with the odds ratio of colorectal cancer (OR CR ). The OR CR of a micronutrient was inversely related to its correlation with vegetable and fruit intake. The Spearman correlation coefficient between R V and OR CR was 70.63, and that between R F and OR CR was 70.52. a Odds ratio of colorectal cancer for an increase in intake equal to the difference between the upper cut-off points of the fourth and first quintile of the controls' distribution of intake. Estimated from a multiple logistic regression models including terms for several potential confounders, including energy intake. b Spearman rank correlation coefficient between total vegetables and micronutrient intake in the control group. c Spearman rank correlation coefficient between fruit and micronutrient intake in the control group.
Vegetable, fruit and micronutrient intake E Negri et al Figure 1 Scatterplot between the correlation of 16 micronutrients with vegetables (a) and fruit (b) intake and the OR of colorectal cancer for the same micronutrients.
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When we estimated total vegetable and fruit intake by adding up the frequencies of consumption of the single types of vegetables and fruit listed in the questionnaire, instead of using the summary questions, we obtained similar results. Adjusting the correlation coefficients R V and R F for total energy intake also did not affect the results. In the subset of micronutrients for which the data from the validation study were available, the correlation of R V and R F with the ORs corrected for measurement error was stronger than with the uncorrected OR. Conversely, correcting R V and R F did not change their ranks and thus the Spearman correlation coefficients.
Discussion
In this study, the more closely a micronutrient was correlated with total vegetable and fruit intake, the more it appeared protective against colorectal cancer. This suggests that the protective effect observed in epidemiological studies Ghadirian et al, 1997) for several micronutrients may reflect that of vegetables and fruit.
Given the collinearity between vegetable, fruit and several micronutrients, the simultaneous introduction of these variables in a single regression models can lead to results which are difficult to interpret.
We considered only a small proportion of the compounds found in food. However, most epidemiological studies are based on similar lists. Blood levels are also linked to dietary habits, so they do not solve the problem; supplement use, too, can be an indicator of a healthier lifestyle, including diet (Patterson et al, 1998) .
Among the micronutrients considered, carotene showed the highest correlation with total vegetable intake, and vitamin C was most strongly correlated with fruit intake. These two compounds have received widespread attention because of their apparent protection on several cancer sites, and because of their antioxidant properties (Block, 1991; van Poppel & Goldbohm, 1995) .
Fruit and vegetables contain a huge number of compounds, which may be also related in a complex way, including fibre, vitamins, minerals etc, and it is not clear whether any one of these alone is responsible for their effect, or if a complex mixture is needed to obtain this effect. Eberhardt et al (2000) showed that fresh apple extract has antioxidant activity 300 times that due to its content of vitamin C, so other phytochemicals significantly enhance the antioxidant activity of apples.
A large amount of data has been collected from prospective and retrospective studies, and other studies are still ongoing. However, it is clear that new studies that merely reproduce the same scheme of data collection, even if with more sophisticated methods, cannot provide an answer. Understanding the relations between the various nutritional factors is crucial for the interpretation of the estimated risks. In investigating the relation between a nutrient and cancer risk, its relation with other compounds and foods cannot be disregarded.
